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FOREWORD 

This Indian Standard was adopted by the Bureau of Indian Standards, after the draft finalized by the Inorganic 
Chemicals and Photographic Materials Sectional Committee had been approved by the Chemical Division Council. 

This standard has been formulated by amalgamating IS 4284 'Method for volumetric determination of iron' and 
IS 4542 'Colorimetric methods for determination of iron'. IS 4284 was published in 1967 whereas IS 4542 was 
published in 1 968. Volumetric methods of analysis of iron had been incorporated in IS 4284 and spectrophotometric 
methods in IS 4542. The objective of the two standards was to achieve uniformity of the method of volumetric 
and spectrophotometric determination of iron when prescribed in Indian Standards for analysis of chemical 
products. 

Volumetric methods for determination of iron involve reduction of ferric to ferrous and titrating with standard 
potassium permanganate or standard potassium dichromate. 

A number of organic reagents have been recommended for spectrophotometric analysis of iron. The basis of 
determination in each case is the comparison of colour developed by the reagents with iron with a set of known 
standards by means of a spectrophotometer. IS 4542 had therefore been proposed so as to bring about a uniformity 
in procedure for the application of organic reagents for the determination of iron. 

The Committee agreed that as far as possible methods of test estimation of elements/compounds in different 
product standard should be harmonized. Keeping this in view, the Committee decided to amalgamate IS 4284 
and IS 4542 for determination of iron incorporating both instrumental as well as non-instrumental methods after 

appropriate revision. 

Volumetric methods described in IS 4284 shall be retained for estimation of iron content present in amount 
greater than 2 percent, in samples. 

The spectroscopic methods described in IS 4542 were evaluated and the methods based on thioglycolic acid and 
1-10, phenanthroline have been adopted as standard techniques. These techniques are widely used in the various 

standards. 

The thiocyanate method suffers from several drawbacks; the colour is somewhat unstable, the stoichiometry is 
uncertain, and Beer's law is not strictly followed, hence not included in the standard. 

The composition of the Committee responsible for formulation of this standard is given in Annex A. 

In reporting the results of a test or analysis made in accordance with this standard, if the final values, observed or 
calculated, is to be rounded off, it shall be done in accordance with IS 2 : 1960 'Rules for rounding off numerical 

values (revised)'. 
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Indian Standard 

VOLUMETRIC AND SPECTROPHOTOMETRIC 
ESTIMATION OF IRON 



1 SCOPE 

This standard prescribes the method for volumetric 
determination of iron by using (a) potassium 
permanganate, and (b) potassium dichromate and 
spectrophotometric method for determination of 
iron by using (1) thioglycolic acid, and (2) o 
phenanthroline. 

2 REFERENCES 

The following standards contain provisiqns 
which through reference in this text, constitute 
provisions of this standard. At the time of publication 
the editions indicated were valid. All standards are 
subject to revision and parties to agreements based on 
this standard are encouraged to investigate the 
possibility of applying the most recent editions of the 
standards indicated below: 



IS No. 
1070 : 1992 
2316:1990 



Title 



Reagent grade water (third revision) 

Methods of preparation of standard 
solutions for colorimetric and 
volumetric analysis {second 
revision) 

3 QUALITY OF REAGENTS 

Unless specified otherwise, pure chemicals and 
distilled water (see IS 1070) shall be used in tests. 

NOTE — 'Pure Chemicals* shall mean chemicals that do 
not contain impurities which affect the results of analysis. 

4 VOLUMETRIC METHODS 

4.1 Method A — Potassium Permanganate Method 
4,1.1 Reagents 

4.1.1.1 * Standard potassium permanganate 
solution — 0. 1 N (^ee IS 23 16). 

4.1.1.2 Zimmermann-Reinhardt solution — Add 
140 ml of concentrated sulphuric acid and 140 ml of 
phosphoric acid (85 percent w/w) to 720 ml of water. 
Dissolve 200 g of hydrated manganese sulphate 
(MnSO^. 4H2O) in this solution. While the solution is 
still hot, add potassium permanganate solution 
(0.1 N) drop by drop with stirring till the faint 
persistent pink colour is obtained. 

4.1.1.3 Dilute hydrochloric acid — 1 : 1 (v/v). 

4.1.1.4 Stannous chloride solution — Dissolve by 
heating 60 g of pure anhydrous stannous chloride in a 
mixture of 400 ml of concentrated hydrochloric acid 



and 600 ml of water until the solution is clear. Cool, 
add a few pieces of granulated tin and preserve the 
solution in an airtight amber-coloured bottle to prevent 
oxidation. 

4.1.1.5 Mercuric chloride solution — Prepare a 
saturated solution of mercuric chloride in water. 

4.1.2 Procedure 

4.1.2.1 Pipette 50 ml of the clear solution of the 
material to be analyzed as prepared in the relevant 
specification into a 500 ml conical flask. This solution 
shall contain about 50 mg of iron. Add 10 ml of dilute 
hydrochloric acid and bring to boil Evaporate to 40 
ml and add 5 ml of concentrated hydrochloric acid. 
Reduce the iron by adding stannous chloride solution 
drop-wise until the solution becomes colourless. Then 
add 2 to 3 drops in excess. Cool the solution rapidly 
to room temperature under running tap water. Add 10 
ml of mercuric chloride solution all at a time and stir 
thoroughly, A small silky white precipitate of 
mercurous chloride should form slowly, indicating that 
a slight excess of stannous chloride is present. Allow 
to stand for 2 to 5 min until no more precipitate appears 
to form. 

4.1.2.2 To the solution, add 20 ml of Zimmermann- 
Reinhardt solution and dilute to 200 ml. Wash down 
the sides of the flask with distilled water and titrate 
with standard potassium permanganate solution to a 
faint pink end point which persists for 30 s. 



^ X AT X 5.584 
W 



4.1.3 Calculation 
Iron (as Fe), percent by weight = 

wha-e 
A - volume, in ml, of standard potassium 

permanganate solution required to titrate the test 

solution, 
A^ = nomiality of standard potassium permanganate 

solution, and 
W = weight, in g, of original material contained in 

the test solution. 

4.2 Method B — Potassium Dichromate Method 
4.2.1 Reagents 

4.2.1.1 Dilute hydrochloric acid — See 4.1.1.3. 

4.2.1.2 Stannous chloride solution — See 4.1.1.4. 

4.2.1.3 Mercuric chloride solution — See 4.1.1.5. 

4.2.1.4 Dilute potassium permanganate solution, 
approximately O.l N. 
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4.2.1.5 Sulphuric acid — Phosphoric acid mixture — 
Add slowly 150 ml of concentrated sulphuric acid to 
700 ml of water with continuous stirring. Add to this 
150 ml of phosphoric acid (85 percent w/w). Destroy 
any oxidizable impurities by adding potassium 
permanganate solution (0.1 N) drop by drop until the 
pink colour of permanganate persists, and cool the 
solution. 

CA VTION — Concentrated sulphuric acid is highly corrosive, 
use appropriate safety implements. 

4.2.1.6 Sodium diphenylamine sulphonate indicator 
solution — Dissolve 0.2 to 0.3 g of sodium 
diphenylamine sulphonate in 100 ml of hot water. 
Cool and store in amber coloured bottle. 

4.2.1.7 Standard potassium dichrotnate solution — 

0.1 N(5eeIS2316). 

4.2.2 Procedure 

4.2.2.1 Proceed exactly as given in 4,1.2.1. 

4.2.2.2 Add 15 ml of sulphuric acid-phosphoric acid 
mixture and dilute to 100 ml. Add 5 drops of sodium 
diphenylamine sulphonate indicator solution and titrate 
with standard dichromate solution while stirring 
continuously until the green colour begins to darken. 
Continue titration until a drop of dichromate solution 
produces a permanent violet-blue colour. Determine 
indicator blank using same amount of reagents. 



4,2.3 Calculation 

Iron (as Fe), percent by 
weight 



(^-B) X A^ X 5.584 
W 



where 

A = volume, in ml, of standard potassium 

dichromate solution required to titrate the test 

solution; 
5= volume, in ml, of standard potassium 

dichromate solution required for the blank; 
N == normality of the standard potassium dichromate 

solution; and 
W ^- weight, in g, of material contained in the test 

solution. 

5 SPECTROPHOTOMETRIC METHODS 

5.1 Thioglycolic Acid Method 

5.1.1 General 

In an alkaline medium, thioglycolic acid gives a blue 
to purple colour with ferric ion, a red to purple with 
ferrous ion. So, in practical use, it reacts in ammoniacal 
solution to give a reddish purple colour which is an 
equilibrium of ferrous and ferric compounds. The 
reaction is suitable for spectrophotometric 
measurements. The colour is stable for 12 h if protected 
from light, is not affected by concentration of reagent 



or/?H withm wide limits, and follows Beer's law. The 
solution has an absorption maximimi at 535 nm at 
/?H 10. The molecular absorption coefficient of 
the complex is 3 800. 

Anions like fluoride, orthophosphate, tartrate, oxalate, 
citrate and acetate do not interfere. Metal ions like 
cobalt, nickel, lead, bismuth, mercury, silver and gold 
produce coloured complexes and thus cause 
interference. Some fading of colour is caused by 
copper, arsenic, tin, zinc and cadmium which can be 
overcome by adding more of the reagent. 

5.L2 Reagents 

5.1.2.1 Standard iron solution — Dissolve 7.02 g of 
ammonium ferrous sulphate [(NH^^^O/eSO^.eH^O] 
in water containing 10 ml of concentrated sulphuric 
acid and make up the volume with water to 1 000 ml. 
One millilitre of this solution contains 1.0 mg of iron 
(as Fe). It may be diluted suitably to contain 10, 25 or 
100 ^g of iron per millilitre. 

5.1.2.2 Thioglycolic acid{Mercapto — Acetic acid) — 
SH.CHjCOOH. 

5.1.2.3 Concentrated ammonia — Sp. Gr. 0.85 - 0.90. 

5.1.2.4 Citric acid solution — Dissolve 20 g citric 
acid in water and dilute to 100 ml. 

5.1.3 Procedure 

Take several aliquots of standard iron solution (25 \ig/ 
ml), in separate 25 ml volumetric flask, add 0.5 ml of 
citric acid, neutralize with ammonia, add 0.1 ml of 
thioglycolic acid, add additional anmionia (3 ml to 
bring the pH to about 10) and make up the volume to 
25 ml. After 10 min, determine the absorbance against 
a reagent blank at 535 nm in 1 cm cell. Draw a 
calibration curve by plotting concentration (in ^g/ml) 
against absorbance. 

Take a clean solution of the material prepared as 
prescribed in the relevant material specification, 
containing 0.01 to 0.2 mg of iron (as Fe). Measure an 
aliquot, add 0.5 ml citric acid solution, neutralize with 
ammonia, add 0.1 ml thioglycolic acid, folfowed by 
sufficient ammonia (3.0 ml) to render the solution 
alkaline. Make up the volume to 25 ml and determine 
the absorbance at 535 nm using a 1 cm cell. Read the 
concentration (in ng/ml) of the final solution from 
the calibration ctirve and calculate the total amount of 
iron present. 



5.1.4 Calculation 



Iron (as Fe), ppm = 



Cx25 
W 



where 

C = concentration of iron from the calibration curve, 
in ^g/ml; and 
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W^ weight, in g, of sample contained in an aliquot 
used for the test. 

5.2 o-Phenanthroline Method 

5.2.1 General 

Ferrous ion reacts with o-phenanthroline between /?H 
3 and 9 in the ratio 1:3 to give a stable, orange-red 
coloured complex which has a maximum absorbance 
at 510 nm. The colour developed is independent of 
/?H in the range 2 to 9. The molecular absorption 
coefficient of the complex is 11250. The molecular 
formula of the complex is [(C,2HjN2)3Fe]X2. 
Silver and bismuth give precipitate. Copper, 
cadmium, mercury and zinc give slightly soluble 
complexes and reduce the intensity of the colour. The 
effect of these latter ions can be overcome by using 
excess reagent. 

5.2.2 Reagents 

5.2.2.1 Standard iron solutions — See 5.1,2.1. 

5.2.2.2 Hydroxylamine hydrochloride solution — 
Dissolve 10 g in 100 ml of water and store in a dark 
bottle with a ground-glass stopper. 

5.2.2.3 o-Phenanthroline solution — Dissolve 0,5 g 
of o-phenanthroline in 100 ml of water and store in a 
dark bottle with a ground-glass stopper. 

5.2.2.4 Sodium acetate — Acetic acid buffer solution 
(pH 5). Prepare by mixing 300 ml of 0.2 N acetic acid 
and 700 ml of 0.2 M sodium acetate. 



5.2,3 Procedure 

Take several aliquots of standard iron solution (25 jig/ 
ml) in a series of 25 ml volumetric flasks, add 2 ml of 
hydroxylamine hydrochloride solution, 1 ml of o- 
phenanthroline solution and adequate volume of buffer 
solution to bring the pH value to about 5. Dilute the 
solution in each flask to 25 ml. After 30 min, determine 
the absorbance against a reagent blank at 5 1 nm using 
a 1 cm cell. Draw a calibration curve between 
absorbance and concentration of iron (in ng/ml). 

Take a clear solution of the material, prepared as 
prescribed in the relevant material specification, 
containing 0.01 to 0.2 mg of iron. To an aliquot of the 
sample solution, add 2 ml of hydroxylamine 
hydrochloride solution, 1 ml of o-phenanthroline 
solution and an adequate volume of buffer solution to 
bring the/?H value to 5. Dilute to 25 ml. Determine 
the absorbance after 30 min agaihst a reagent blank at 
510 nm using a 1 cm cell. Read the concentration (in 
^g/ml) of the final solution fi-om the calibration curve 
and calculate the total amount of iron present. 



Cx25 

W 



5.2.4 Calculation 
Iron (as Fe) ppm •■ 

where 

C - concentration of iron from calibration curve, in 
|ig/ml; and 

l^= weight, in g, of sample contained in an aliquot 
used for the test. 
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ANNEX A 

(Foreword) 

COMMITTEE COMPOSITION 

Inorganic Chemicals and Photographic Materials Sectional Committee, CHD 1 



Organization 

Central Salt and Marine Chen\icals Research Institute (CSMCRI), 

Bhavnagar 
Alkali Manufacturers' Association oflndia. New Delhi 
Ballarpur Industries Limited, Uttar Kannaca 

Bharat Electronics Limited, Bangalore 

Central Electrochemical Research Institute, Karaikudi 

Central Salt and Marine Chemicals Research Institute (CSMCRI), 

Bhavnagar 
Central South Gujarat Salt Manufacturers' Association, Gujarat 
Chemplast Sanmar Limited, Mettur Dam 
Dharamsi Morarji Chemical Co Ltd, Ambemath 

Geological Survey oflndia, Kolkata 

Golden Chemicals Limited, Mumbai 

Gujarat Alkalies and Chemicals Ltd, Vadodara 
Hindustan Lever Limited, Mumbai 

Hindustan Photo Films Manufacturing Co Ltd, Ootacamund 
Indian Chemicals Manufacturers' Association, Mumbai 
Indian Institute of Chemical Technology, Hyderabad 
Ministry of Defence (DGQA), Kanpur 

Ministry of Defence (R & D), New Delhi 

National Chemical Laboratory, Pune 

National Mineral Development Corporation, Hyderabad 

National Physical Laboratory, New Delhi 

National Test House, Kolkata 

Office of Development Commissioner, Small Scale Industries, 

New Delhi 
RDSO, Lucknow 
Ronuk Industries Ltd, Mumbai 
Saurashtra Chemicals, Porbandar 

Shriram Institute for Industrial Research, Delhi 

Standard Alkali (Chemical Division), Mumbai 

Tamilnadu Petroproducts Ltd, Chennai 
Tata Chemicals Ltd, Mithapur 
BIS Directorate General 



Representative(s) 
Dr p. K. Ghosh {Chairman) 

Shrimati Harjeet Kaur Anand 
Dr V.V. Savant 

Dr R. S. Ramachandra (Alternate) 
ShriN.RaviBhusan 

Dr R. C. Sethi (Alternate) 
Dr (Shrimati) Sobha Jayakrishnan 
DrR S. Shukla 

ShriParagSheth 

Shri M, Sivasubramanian 

Shri H.V.Rao 

Dr S. P. Bhattacharya (Alternate) 
DrD.K.Das 

Dr Subhash Chandra (Alternate) 
Dr P. G. Pradhan 

Shri Vuay Houhosour (Alternate) 
ShriH.G.Naik 
DrV. Krishnan 

DKK.VKAiAMm. (Alternate) 
Shri Anand Hippalgaonkar 
Representative 
Representative 
Shri S. S. Rao 

Shri R. S. Diwakar (Alternate) 
ColJX. Mehta 
Dr a. a. Natu 
Shri M. Prasad 

Shri N. C. Lakshman (Alternate) 
Dr a. K. Agarwal 

Dr Prabhat K. Gupta (Alternate) 
DrS.Rahut 

Dr Y. C. Najhawan (Alternate) 
Shri S.P.Singh 

Dr J. S. Rekm (Alternate) 
Representative 
Shrimati R. K. Shah 
Shri S. C. Sharma 

Shri M. M. Nigam (Alternate) 
Shrimati Laxmi Rawat 

Shri B. Govindan Nair (Alternate) 
ShriV.K.Kapur 

Shri S. N. S. Giri (Alternate) 
Ch. Hanumantha Rao 
DrD.D.Kumta 

Dr U . C . Srivastava, Director & Head (Chem) 
[Representing Director General (Ex-qfficio)] 



Member Secretary 

Shri P. Ghosh 

Scientist E (Chem), BIS 
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Analytical Method Validation for Inorganic Chemicals Subcommittee, CHD 1 : 1 



Organization 

National Chemical Laboratory, Pune 

Bhabha Atomic Research Centre, Mumbai 

Central Indian Pharmacopoeia Laboratory, Ghaziabad 

Central Salt and Marine Chemicals Research Institute (CSMCRI), 

Bhavnagar 
Hindustan Lever Limited, Mumbai 
Indian Institute of Chemical Technology, Hyderabad 

Indian Statistical Institute, Kolkata 

Ualab (P) Ltd, Mumbai 

National Metallurgical Laboratory, Jamshedpur 

National Physical Laboratory, New I>elhi 
National Test House, Kolkata 
SGS India Pvt Ltd, Gurgaon 

Shriram Institute for Industrial Research, Delhi 

SICART,Ahmedabad 
Vimta Laboratory, Hyderabad 



Representative(s) 
Dr a. a. ^m\} {Convener) 

DrM. SUDERSANAN 

Dr Raman M. Singh 

Shri p. S. Mandal (Alternate) 
Representative 

DrV.Krishnan 
DrG.S.R-Sastry 

Dr A. S. R. Krishnamurthy (Alternate) 
Dr S.R.Mohan 

Dr Arvind Seth (Alternate) 
Shri Avinash S. Kambu 
Shri K. K. Gupta 

DrN. N. Das (Alternate) 
Dr a. K. Agarwal 
Reikesentative 
DRjASVDtSmcHi 

Shri S. K. Manocha (Alternate) 
Shrimah Laxmi Rawat 

Shri B. Govindan Nair (Alternate) 
Representative 

REntESENTAUVE 



Bureau of Indian Standards 

BIS is a statutory institution established under the Bureau of Indian Standards Act, 1986 to promote 
harmonious development of the activities of standardization, marking and quality certification of goods and 
attending to connected matters in the country. 

Copyright 

BIS has the copyright of all its publications. No part of these publications may be reproduced in any form 
without the prior permission in writing of BIS. This does not preclude the free use, in the course of implementing 
the standard, of necessary details, such as symbols and sizes, type or grade designations. Enquiries relating to 
copyright be addressed to the Director (Publications), BIS. 

Review of Indian Standards 

Amendments are issued to standards as the need arises on the basis of comments. Standards are also reviewed 
periodically; a standard along with amendments is reaffirmed when such review indicates that no changes are 
needed; if the review indicates that changes are needed, it is taken up for revision. Users of Indian Standards 
should ascertain that they are in possession of the latest amendments or edition by referring to the latest issue of 
'BIS Catalogue' and 'Standards: Monthly Additions'. 

This Indian Standard has been developed from Doc: No. CHt) 1 (1025). 

Amendments Issued Since Publication 



Amend No. Date of Issue Text Affected 



BUREAU OF INDIAN STANDARDS 
Headquarters: 

Manak Bhavan, 9 Bahadur Shah Zafar Marg, New Delhi 1 10002 

Telephones: 2323 0131, 2323 3375, 2323 9402 website : www.bis.org.in 

Regional Offices: Telephones 

Central : Manak Bhavan, 9 Bahadur Shah Zafar Marg r2323 7617 

NEW DELHI 110002 12323 3841 

Eastern : 1/14 C.I.T. Scheme VII M, V.I.P. Road, Kankurgachi r2337 8499, 2337 8561 

KOLKATA 700054 L2337 8626, 2337 9120 

Northern : SCO 335-336, Sector 34-A, CHANDIGARH 160022 r 260 3843 

1260 9285 

Southern : C.I.T. Campus, IV Cross Road, CHENNAI 600113 r2254 1216, 2254 1442 

12254 2519,2254 2315 

Western : Manakalaya, E9 MIDC, Marol, Andheri (East) r2832 9295, 2832 7858 

MUMBAI 400093 12832 7891, 2832 7892 

Branches : AHMEDABAD. BANGALORE. BHOPAL. BHUBANESHWAR. COIMBATORE. FARIDABAD. 
GHAZIABAD. GUWAHATI. HYDERABAD. JAIPUR. KANPUR. LUCKNOW. NAGPUR. 
NALAGARH. PATNA. PUNE. RAJKOT. THIRUVANANTHAPURAM. VISAKHAPATNAM. 



Printed at Simco Printing Press, Delhi 



